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Abstract The aim of this study was to examine the school
functioning of 8- to 18-year-old children born after in vitro
fertilization (IVF). We compared 233 children born after
IVF to 233 matched control children born spontaneously
from parents with fertility problems on measures of
education level, general cognitive ability, school perfor-
mance (need for extra help, repeating a grade, special
education), and rates of learning and developmental
disorders. No differences were found between IVF and
control children on these measures of school functioning.
More than 60% of adolescents at secondary school attended
high academic levels (with access to high school or
university). We conclude that children and adolescents
born after IVF show good academic achievement and
general cognitive ability. They do not experience any more
educational limitations than the naturally conceived chil-
dren and adolescents of the control group. The tendency of
reassuring school functioning already found in younger IVF
children has been shown to continue at secondary school
age.
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Introduction
The first birth after in vitro fertilization (IVF) was reported
in 1978 [6]. Since then, the numbers of newborns
conceived by this technology have been growing rapidly
and, today, IVF is part of the modern management of
infertility worldwide. Approximately 1–3% of the children
in developed countries have been born after IVF conception
and a considerable number of these children meanwhile
have reached adolescence or young adulthood.
Shortly after the first IVF births, clinicians and researchers
became aware of possible increased physical and psycho-
logical risk associated with IVF, which resulted in the
evaluation of the children born from it. From the psycho-
logical point of view, mental and psychomotor development
in the early years was an important focus. Although IVF
pregnancies appear to be associated with an increased risk of
multiple pregnancy, preterm delivery, low birth weight,
cesarean sections, and transfer to a neonatal intensive care
unit [9, 13], studies on mental and psychomotor develop-
ment, in general, did not show any differences between IVF
and naturally conceived children in the first 3 years of life
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[2, 7, 8, 10, 14, 16, 21–25]. Developmental and neurological
problems that were found at this young age were mainly
related to prematurity, low birth weight, or multiple births
[2, 3, 15]. Also, intellectual development around the age of
5 years was investigated and found not to be different in
children conceived by IVF compared to naturally conceived
children [4, 11, 19, 20].
However, from an age of about 6 years, when school
functioning becomes more important and cognitive
demands increase, only a limited number of studies have
evaluated the school performance of IVF children [12, 17,
18]. Although the data from these three studies indicate
normal intellectual and school functioning, it can be
questioned as to whether one may be conclusive yet on
the overall educational outcome of IVF children. No control
groups were used and the children were a maximum of
13 years old [17, 18], or the study was conducted on a
relatively small number of children [12]. Most importantly,
no single study has described IVF children’s school
functioning at secondary school yet.
At the VU University Medical Center (VUmc) in the
Netherlands, IVF has been conducted since the early 1980,
with the first birth occurring in 1986. Since a considerable
group of these IVF children have now reached (pre)pubertal
years, we performed a large study on the growth, health,
and psychological functioning of IVF children born
between 1986 and 1995. In this study, IVF children were
matched and compared to children born spontaneously
from parents with fertility problems. The selection of such a
control group gives us the opportunity to equalize important
parental differences (such as age of the mothers at birth,
desirability of and involvement with the child, and the
educational level of the parents) and evaluate the role of
IVF as such on the child’s development. Considering the
mentioned literature on academic performance, the aim of
the study described here was to evaluate the school
functioning of IVF children and adolescents who are at
the end of primary school and at secondary school. This
paper describes the education level, general cognitive
ability, school performance (need for extra help, repeating
a grade, special education), and rates of learning or
developmental disorders in our cohort of IVF children aged
8 to 18 years, compared to that of the matched control
group.
Materials and methods
Population and participants
The data described in this paper were derived from a large
study performed between March 2003 and March 2006 on
the growth, health, and psychological functioning of IVF
children born between 1986 and 1995 (see for more details
of the study population Ceelen et al. [5]). Families with a
singleton child conceived by IVF conception in the VUmc,
Amsterdam, the Netherlands, were invited by mail to
participate in the study. Twins and children born from
other reproductive techniques, such as intracytoplasmic
sperm injection (ICSI), were excluded. Of the 354 invited
IVF families, 12 children were not reachable because they
moved or did not respond. Of the 342 families who could
be traced, 96 parents and/or children themselves refused to
participate, whereas 246 agreed to take part in the study
(representing a response rate of 69%).
A control group of children spontaneously born between
1986 and 1995 from parents who previously visited the
Department of Gynecology of the VUmc with fertility
problems was used. Children were selected and matched
one-to-one on sex and age (±3 months) with the IVF
children. Initially, 454 control families were invited, of
which, 31 families were not reachable and three children
were deceased. Of the 420 control families who could be
traced, 233 children and their parents wanted to participate
in the study (response rate 51%). This means that for 13
IVF children, no matched control child was found. These
13 IVF children were excluded from the analysis and 233
matched couples were included.
Families who refused to participate in the study received
a questionnaire regarding growth, health, and education
level of both parents and the child, and other child character-
istics. The participating children were significantly younger
than non-participants (12.2±2.6 years versus 12.7±2.4 years,
p<0.01) and mothers of participating children more often had
a high education level (37% versus 24% in mothers of non-
participating children, p<0.01). Differences were similar for
the IVF and control populations.
Procedure and measurements
The study protocol was approved by the Medical Ethics
Committee of the VUmc and the Central Committee of
Human Research (CCMO) in The Hague. Parents, and
children from 12 years of age, signed informed consent
forms prior to participation.
Children who participated in the study were seen at the
VUmc for evaluation of their physical and developmental
history and present growth, health, and psychological
functioning. Shortly before the hospital visit, parents were
sent a questionnaire to fill in at home, to make an inventory
of their fertility problems and treatment, the course of the
pregnancy, and socio-demographic characteristics. For the
current paper, the following data were used.
Perinatal and socio-demographic data With respect to the
pregnancy, the gestational age and birth weight of the
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children were inquired. Gestational age was obtained by
parents’ self-report and the birth weight data were obtained
from the hospitals’ birth certificates (49%), outpatient clinic
reports (37%), or self-reporting by the parents (14%). From
the parents, the age of the mother at delivery and the
current age of the parents were calculated by using the
child’s and parents’ birth dates and the date of the hospital
visit for participation in the study. Parental education level
was scored as low (elementary school or lower level of
secondary school and vocational training), middle (medium
and higher level of secondary school or medium level of
vocational training), or high (university or higher level of
vocational training), and was evaluated in three ways:
educational level of the mother, educational level of the
father, and the highest educational level of one of either
parent. Furthermore, it was registered whether the mother
was a first-time mother (primipara) or not.
Education level of the child In general, data were obtained
about the current education level of the child according to
the levels of the Dutch school system. Subsequently,
secondary school levels were grouped into low (lower level
of secondary school), middle (medium level of secondary
school), or high (higher level of secondary school, e.g.,
school levels with access to high school or university).
General cognitive ability To screen whether there are
differences in the general cognitive ability between the
groups, the results of a national test of educational
achievement (CITO) administered around the age of 12 in
the last year of primary school were used. From the
children in the study group who took the CITO test,
permission was sought to use their score. In the Nether-
lands, this test is almost generally used to determine high
school entrance level. The CITO scores correlate with IQ
measures of 0.63 at 12 years of age [1].
School performance and learning and developmental
disorders School performance was evaluated by the rate
of children who needed extra lessons, repeated a grade, or
who had attended special education during their school
career so far. Moreover, the existence of learning or
developmental disorders diagnosis, such as dyslexia,
attention deficit hyperactivity disorder (ADHD), or autism,
as reported by the parents, was registered.
Statistical analysis
The Statistical Package for Social Sciences (SPSS) Win-
dows version 12.0 and Stata 8.0, a program for statistical
data analysis, were used for the analyses. Perinatal and
socio-demographic data were analyzed by SPSS using a
paired sample t-test for continuous data, McNemar test for
dichotomous data, and Wilcoxon signed rank test for non-
dichotomous data. Perinatal and socio-demographic data that
differed significantly between the groups were entered into
further statistical analyses as covariates. Group comparisons
for school performance and learning and developmental
disorders were performed with Stata by using a random-
effects logistic regression. Group comparison for CITO
scores was done in SPSS using multiple linear regression.
Results
Perinatal and socio-demographic data
In Table 1, the characteristics of the 233 IVF and 233 age-
and sex-matched control children and their parents are
summarized. The mean age of the children was 12.20 years
(SD±2.61) in the IVF group and 12.21 years (SD±2.59) for
the control children (the age range and distribution within
both groups are presented in Fig. 1). On average, the IVF
children had a significantly shorter gestational age than
children in the control group (38.91 versus 39.48 weeks, t
(232)=−2.88, p=0.004). There was also a significant
difference in the proportion of children born prematurely,
i.e., <37 weeks (13% in the IVF versus 6% in the control
group, χ2(1, n=233)=5.92, p=0.015). Birth weight was
significantly lower for IVF children than for controls
(3,217.7 versus 3,427.6 grams, t(232)=−3.85, p=<0.001)
and more IVF children had birth weights below 2,500
grams (11% in the IVF versus 3.5% in the control group,
χ2(1, n=232)=8.26, p=0.004).
Mothers’ age at delivery and mothers’ and fathers’ age at
assessment did not differ significantly between the groups.
In the IVF children, the mothers were significantly more
often primipara at their birth than the mothers of the
children from the control group (80% in the IVF versus
46% in the control group, χ2(1, n=466)=46.44, p<0.001).
Mothers (Z=−2.66, p=0.008) and, to a lesser extent, fathers
(Z=−1.96, p=0.05) of IVF children more often had low or
middle and less often had a high educational level than
parents of children from the control group (see Table 1).
The variables on which the groups differed (gestational
age, birth weight, parity, and mothers’ educational level)
were entered into further statistical analyses as covariates.
Education level and general cognitive ability
Table 2 demonstrates that, at the time of evaluation, 53% of
the children in both groups were in primary school, and 44%
of the IVF and control children attended secondary school.
About 2.5% of the children already attended vocational
education or university, had left school, or had a job.
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At secondary school, a majority of both the IVF and
control children (61% in the IVF and 67% in the control
group, respectively) attended a high school level (with
access to high school or university). Compared to the non-
participants, at secondary school, participants more often
had a high school level and less often had a low school
level. This was the case in IVF as well as in the control
children.
CITO test scores were used to screen the level of general
cognitive ability in both groups. Of the total group of 233
IVF and 233 control children, 101 IVF children (43%) and
92 control children (40%) did take a CITO test. Of the
remaining children, 107 children in the IVF (46%) and 112
children in the control groups (48%) did not have a CITO
score available because they had not taken the CITO test
already, and 25 IVF children (11%) and 29 control children
(12%) undertook another test in their last year to determine
their advice for secondary school.
CITO test scores of 74 IVF children (73%) and 66
control children (72%) were really available for analyses.
From the remaining children who did take a CITO test, the
score was not received, even after repeated requests to the
parents (no significant difference in the response rate
between IVF and controls). As shown in Table 2, no
significant differences were found for CITO scores in the
IVF versus the control groups. In the statistical analysis, the
Table 1 Child and parental characteristics of the in vitro fertilization (IVF) and control groups
IVF (n=233) Control (n=233) p
Child
Boys/girls (%) 115 (49%)/118 (51%) 115 (49%)/118 (51%) n.s.
Age at assessment (years)
Mean (SD) 12.20 (±2.61) 12.21 (±2.59) n.s.
Range 8–18 8–18
Gestational age (weeks)
Mean (SD) 38.91 (±2.48) 39.48 (±1.85) 0.004
Range 27–44 33–43
Premature (%)a 30 (13%) 14 (6%) 0.015
Birth weight (grams)
Mean (SD) 3,217.7 (±626.2) 3,427.6 (±554.0) <0.001
Range 870–5,000 1,450–5,110
Low birth weight (%)b 26 (11%) 8 (3.5%) 0.004
Parents
Mothers’ age at birth (years)
Mean (SD) 34.62 (±3.77) 34.46 (±4.01) n.s.
Range 24.83–42.15 23.76–43.26
Mothers’ age at assessment
Mean (SD) 46.82 (±4.50) 46.66 (±4.27) n.s
Range 35.11–58.04 36.15–57.91
Fathers’ age at assessment
Mean (SD) 49.26 (±5.51) 49.32 (±5,23) n.s.
Range 36.25–71.79 36.92–65.29
Primipara (%) 186 (80%) 107 (46%) <0.001
Maternal education level* (n=232) (n=233) 0.008
Low (%) 50 (21.5%) 35 (15%)
Middle (%) 106 (45.5%) 99 (42.5%)
High (%) 76 (33%) 99 (42.5%)
Paternal education level* (n=231) (n=232) 0.050
Low (%) 45 (19.5%) 35 (15%)
Middle (%) 103 (44.5%) 96 (41.5%)
High (%) 83 (36%) 101 (43.5%)
Parental highest education level* (n=232) (n=233) n.s.
Low (%) 21 (9%) 19 (8%)
Middle (%) 101 (43.5%) 88 (38%)
High (%) 110 (47.5%) 126 (54%)
Paired t-tests were used to compare the group means, dichotomous data were analyzed using McNemar tests (*Wilcoxon signed rank test)
n.s.=not significant
a Premature=born <37 weeks of gestation
b Low birth weight=birth weight <2,500 grams
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gestational age, birth weight, parity, and maternal education
level were entered as covariates. In both groups, the scores
are above the overall Dutch population score (mean score
535) and above the score for children from urban districts
(mean 538; http://www.cito.nl).
School performance and learning or developmental
disorders
As shown in Table 3, no differences were found between
the IVF and control groups on the need for extra lessons,
repeating a grade, or attending special education. Gesta-
tional age, birth weight, parity, and maternal education level
were entered in the statistical analysis as covariates. A total
of 38% of the IVF children and 39% of the control children
needed extra lessons and 21% versus 22% repeated a grade,
most children at nursery and primary school. In both the
IVF and control groups, 6% of the children attended special
education (primary and/or secondary school). According to
the parents, in 14% of the IVF children and 18% of the
control children, a learning or developmental disorder has
been diagnosed. Also, this difference does not reach
statistical significance. Dyslexia is the most common
disorder in both groups (about 7%). Also, 3% of the IVF
and 5% of the control children have a combination of
diagnoses, such as ADHD and an autistic disorder or
dyslexia and ADHD. In the IVF group, but not in the
control group, motor coordination disorders due to cerebral
palsy are present (n=3).
Excluding children with learning or developmental
disorders from the analyses did not lead to significant
differences between the groups. Rather, a somewhat lower
proportion of children in both the IVF and control groups
then needed extra lessons, repeated a grade, or attended
special education (results not shown in the table).
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Fig. 1 Age range and distribution within the in vitro fertilization
(IVF) and control groups
Table 2 Education level and general cognitive ability in the IVF and
control groups
IVF
(n=233)
number (%)
Control
(n=233)
number (%)
p
Primary
school
123 (52.8%) 124 (53.2%) n.s.
Secondary
school
104 (44.6%) 103 (44.2%) n.s.
Level:
Low 7 (6.7%) 5 (4.9%) n.s.
Middle 34 (32.7%) 29 (28.2%)
High 63 (60.6%) 69 (66.9%)
Vocational
education/
university
5 (2.1%) 4 (1.7%) n.s.
Left school
and/or job
1 (0.4%) 2 (0.9%) n.s.
IVF (n=74)
Mean (SD)
Control (n=66)
Mean (SD)
Adjusted
difference*
(IVF–control)
p
CITO test
score
539.43
(±9.5)
540.70
(±7.9)
−1.37 0.377
*With covariates parity, maternal education level, gestational age, and
birth weight in the univariate linear model
n.s.=not significant
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Discussion
In this paper, we described the school functioning of a large
cohort of IVF singletons born between 1986 and 1995 after
conception in the VUmc in the Netherlands. All children,
8–18 years of age, were at the end of primary school or in
secondary school, school years on which no conclusive data
were yet available. Our findings in IVF children were
compared to that of matched control children born
spontaneously after a period of subfertility in their parents.
The use of this control group gave us the opportunity to
equalize as much as possible important parental differences
and evaluate the role of IVF as such on the child’s
development.
We found no indications for educational limitations in
IVF children at the end of primary and in secondary school.
As many IVF as control children needed extra lessons,
repeated a grade, or attended special education. IVF
children did not have learning and developmental disorders
more often than children from the control group. Also, on
general cognitive ability, no differences were found
between IVF and control children, and their scores were
above the overall Dutch population score and the score for
children from urban districts. The distribution of low,
middle, or high education level in the children at secondary
school did not differ between the groups and was
comparable to the distribution found in the parents. More
than 60% of adolescents at secondary school attended a
high academic level (with access to high school or
university).
Our findings are reassuring and in line with the recent
studies in young IVF children [2, 4, 7, 8, 10, 11, 14, 19–25]
and at primary school age [12, 17, 18]. Olivennes et al. [17]
found, in a follow-up study of 422 IVF children aged 6 to
13 years, according to the French school system, that
92.2% of the children had at least average school
achievement. In 1- to 9-year-old IVF children conceived
from cryopreserved embryos, the same authors found
comparable results for scholastic performance in the
school-age children [18]. Levy-Shiff et al. [12] examined
9- and 10-year-old IVF children in comparison with
naturally conceived children recruited from the IVF chil-
dren’s schools and found that intelligence did not differ
between the groups. In addition, our findings show also that
the tendency of good educational outcome in IVF children
continues at secondary school.
However, before drawing any definite conclusions, some
aspects have to be considered. With the selected control
group in our study, we tried to equalize important parental
factors. While most aspects were similar, unfortunately,
there were some differences in the education level of the
parents. Parents of control participants appeared to be more
often higher educated than IVF parents. By using the
maternal education level as a covariate, we tried to correct
for this difference, as we did also for differences in parity,
gestational age, and birth weight. In addition, in our study
population, the participants were more highly educated than
non-participants. This could have led to an underestimation
of the number of children having extra lessons, repeated a
grade, attending special education, or having a learning or
developmental disorder, and the enhancement of the mean
values of the CITO score. Therefore, the precise propor-
tions have to be considered with some caution. Although
education level differences were similar in IVF and control
(non-)participants, we stress the importance of including
lower educated IVF children in future studies.
Table 3 Extra lessons, repeated a grade, special education, and the existence of learning or developmental disorders in the IVF and control groups
IVF (n=233) number (%) Control (n=233) number (%) Adjusted odds ratio* p
Extra lessons 88 (37.8%) 91 (39.1%) 1.02 0.927
Repeated a grade 48 (20.6%) 52 (22.3%) 0.94 0.800
Nursery school 17 (6.9%) 14 (6.0%)
Primary school 21 (8.5%) 20 (8,6%)
Secondary school 6 (2.4%) 5 (2.1%)
More than once 1 (0.4%) 0 (0.0%)
Repeated a grade followed by special education 11 (4.5%) 16 (6.9%)
Special education 15 (6.4%) 16 (6.9%) 0.90 0.791
Learning or developmental disorder 32 (13.7%) 42 (18.0%) 0.73 0.310
Dyslexia 14 (6.0%) 18 (7.7%)
Non-verbal learning disorder 1 (0.4%) 5 (2.1%)
Learning disabled 4 (1.7%) 5 (2.1%)
ADHD 2 (0.9%) 3 (1.3%)
Autistic disorder 1 (0.4%) 0 (0.0%)
Motor coordination problems/cerebral palsy 3 (1.3%) 0 (0.0%)
Combination 7 (3.0%) 11 (4.7%)
*With covariates parity, maternal education level, gestational age, and birth weight in the random-effects logistic regression
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Notwithstanding the above, we conclude that the
tendency of reassuring school functioning already found
in younger IVF children has been shown to continue at
secondary school age.
Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
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